A b s t r a c t The importance of salinity experienced during embryonic development and initial larval biomass on larval growth was studied in the South American estuarine crab Chasmagnathus granulata. Ovigerous females were maintained at three salinities (15, 20, and 32%0 ) from egg laying to hatching of zoea 1. Larvae from all treatments were reared under constant conditions of photoperiod (12:12), temperature (18~ and salinity (first instar at 20}/00, subsequent instars at 32%0). Biomass was measured as dry weight, carbon, and nitrogen content per individual at egg laying, hatching of zoea 1, premoult zoea 1, and zoea 4, and in 8-day-old megalopa. From hatching to premoult zoea 4, biomass was higher for larvae from prehatching salinities of 15 and 32%0. There was a significant positive correlation between biomass at hatching and at premoult zoea 1 and zoea 4. Accumulated biomass during zoeal stages tended to be higher for larvae from broods with higher biomass at hatching, although this trend was not always significant. Zoea 4 either directly metamorphosed to megalopa or moulted to zoea 5, following, respectively, a short or long developmental pathway. The proportion of zoea 4 that followed the long pathway was negatively correlated with biomass of zoeal stages. Biomass at hatching was correlated with biomass of megalopae developed through the short pathway, although it was not correlated with the accumulated biomass at this stage. Megalopae developed through the long pathway (i.e. metamorphosed from zoeae 5) had higher biomass than those from the short pathway. The present results suggest that prehatching salinity and initial egg and larval biomass can be very important for larval growth.
Introduction
Larval development of marine organisms is characterised by important changes in organic and inorganic constituents during growth and morphogenesis. Patterns of growth and morphogenesis depend on phylogeny and are affected by environmental factors (Pechenik 1987; Anger 1990 Anger , 1991 Anger , 1998 George 1996 George , 1999 . In decapod crustaceans with conspicuous metamorphic changes (e.g. brachyuran crabs) growth is species and stage dependent (Anger 1990 (Anger , 1998 . Food availability and quality (Anger and Dawirs 1982; Dawirs 1986 Dawirs , 1987 Harms et al. 1991 Harms et al. , 1994 , temperature (Dawirs and Dietrich 1986; Anger 1987) , and salinity (Anger et al. 1998 (Anger et al. , 2000 stress can have detrimental effects on growth, decreasing the rate of accumulation of biomass.
In coastal waters, osmotic stress due to low and variable salinities may reduce growth rates and then fitness of larvae. Low salinities lead to a decrement in growth rates or even loss of weight in larval instars of several marine and estuarine crustaceans (Johns 1982; Pfaff 1997; Anger et al. 1998 Anger et al. , 2000 ; instars with osmoregulatory abilities seem to be less sensitive to low salinity (G. Torres et al., in press ). Effects of salinity on larval growth may also depend on initial larval reserves or acclimation history, especially in estuarine crabs. For example, zoeae 1 of the South American estuarine crab Chasmagnathus granulata survive and successfully moult to the second zoea at low salinities (5-10%o) if previous embryos developed at 15 or 20%0 instead of 32%0 (Gim6nez 2000) . This acclimation process also favours larval tolerance to short starvation periods at 20%0, through an increment in the rate of accumulation in carbon (C) and nitrogen (N; Gim6nez 2002) . In this estuarine species, embryos are expected to develop under the variable conditions of salinity. Additionally, as populations occupy different types of estuarine habitats of south Brazil, Uruguay, and Argentina (Boschi 1964) it should be expected that larvae from different populations hatch from embryos developed under different salinities. C. granulata exhibits an export strategy (Anger et al. 1994) : zoeae 1 hatch in the estuarine water and are transported to the open sea where they develop through four or five zoeal stages and a megalopa (Boschi et al. 1967; Pestana and Ostrensky 1995) . Biomass of freshly hatched zoea 1 depends on initial egg biomass and salinity experienced during embryogenesis (Gim~nez and Anger 2001). Besides, biomass affects larval survival and duration of development (Gim~nez 2000).
The previously described patterns of larval survival and development may be due to changes in the osmoregulatory capacity and effects of individual biomass at hatching on the amount of reserves existing at subsequent larval instars. Changes in osmoregulatory capacity during larval development of C. granulata have been recently studied (Charmantier et al. 2002) . In the present article, we explored in laboratory experiments the effect of prehatching salinity and initial egg and larval biomass on the amount of reserves at all larval instars of C. granulata. In particular, we evaluated the effect of (1) prehatching salinity (i.e. the salinity experienced during embryonic development), and (2) initial individual larval biomass [i.e. individual dry weight (DW), C, and N content at hatching] on larval growth of C. granulata from the first instar to the megalopa. megalopa were sorted after the day of moulting to obtain homogeneous groups (i.e. individuals with the same age counting from the last moulting or metamorphosis). Zoeae 4 were reared in beakers (0.5-5 1) at a density of one individual per 10 ml. Megalopae were reared in aquaria, at a density of one individual per 30 ml, with a nylon gauze on the bottom as artificial substrate. Larvae were fed with Artemia sp.; water and food was changed every day.
Statistical analyses were run following Day and Quinn (1989) , Zar (1996) , and Underwood (1997). The effect of prehatching salinity on larval biomass was evaluated with one-factor analyses of variance (ANOVAs). The effect of initial larval biomass was added as a covariate to the ANOVAs (e.g. initial DW of zoea 1 as a covariate of DW at premoult zoea 1) and evaluated with Pearson correlation. The significance of correlations was adjusted by the sequential Bonferroni method (Rice 1989) for DW, C, and N content separately. The number of broods (= replicates) was 30 (n = 10 for each prehatching salinity 15, 20, and 32~/oo) for eggs and zoea 1; 26 for zoea 4 (n=7, 9, and 10 for 15, 20, and 32~'oo, respectively); and 24 for the megalopae (n = 9, 6, 9). This occurred because for some broods there was an insufficient number of zoea 4 for analyses, or because a considerable proportion of zoea 4 moulted to zoea 5 (see Results). The effect of prehatching salinity and initial larval biomass on biomass of megalopae was evaluated only for those larvae that followed the short larval pathway (i.e. those originated directly from the metamorphosis of a zoea 4). We also investigated possible correlations between the proportion of larvae that followed the long pathway (i.e. those originated from the metamorphosis of a zoea 5), and individual biomass at previous instars. Individual biomasses of larvae that followed the short and long pathways were compared with Student's t-test for paired samples. Before analyses, normality was checked with normal plots of residuals and heterogeneity of variance with Cochran's test; data were normally distributed and the variances were always homogeneous.
Results

Materials and methods
All experiments were conducted under controlled conditions of temperature (18~ and photoperiod (12:12) . Seawater (32~'~,) for experiments was filtered (Orion. mesh size: I tam); water of lower salinities was obtained by diluting appropriate quantities of seawater with artificially desalinated water. Three groups of ovigerous females (ten females/broods per group) were maintained, isolated from egg laying to hatching of larvae, in individual aquaria at three prehatching salinities (15, 20, and 32,~ respectively; that is, there were ten aquaria per prehatching salinity. Embryonic development takes about 30 days and it is not significantly influenced by salinity (Gimrnez and Anger 2001). Ovigerous females maintained at 15%o during embryogenesis laid eggs at 15Too, other females at 32~'oo (see Gimrnez and Anger 2001 for details). Females were fed isopods; water and food were changed every day. Freshly hatched larvae were mass reared at 20%o during the first zoea, and at 32%o from zoea 2 to premoult megalopa, simulating presumed natural conditions of export strategy. Individual larval biomass was measured as DW, C, and N content at egg laying (initial egg biomass), hatching ofzoea I (initial larval biomass), premoult zoeae 1 and 4, and at about 70% of total development duration of the megalopa (i.e. on day 8 from metamorphosis of the last zoeal instar, when C and N reach their maximum levels: Anger and Ismael 1997). Three to five samples per brood were rinsed in distilled water for a few seconds, dried on filter paper, transferred to tin cartridges and dried for 48 h in a vacuum drier (Finn-Aqua Lyovac GT2E), weighed on a microbalance (Mettler UMT2, precision: 0.1 lag), and analysed in a Carlo Erba Elemental Analyser (EA 1108). The number of individuals per sample depended on larval stage: 40 for egg and zoea 1 at hatching, 35 for premoult zoea 1, 5 for premoult zoea 4, and 2 for megalopa.
Rearing ofzoeal instars 1-4 was done in bottles (10 I), with gentle aeration. Freshly moulted zoea 4, zoea 5, or metamorphosed Changes in biomass from egg laying to premoult zoea 4 Initial egg biomass was maximum for those laid at 15%o (Fig. 1) ; eggs from broods incubated at 20 and 32~'oo had similar biomass. After hatching, the highest C and N content were observed for larvae from prehatching salinities 15 and 32Yoo, although significant differences were found only between 15 and 20y~ o (Fig. 1, Table 1 ). At premoult zoea 1 differences in biomass were significant only for DW, although for C and N content they were marginally significant (0.05 < P<0.10). At premoult zoea 4 significant differences were found for C and N: larvae from 15 and 32%~ showed a significantly higher biomass than those from 20~'oo. For this stage, differences in DW were marginally significant ( Table 1) . The introduction of the initial larval biomass as a covariate gave the same results as described above.
Accumulated biomass, measured as DW, from hatching to premoult zoea 1 was higher for larvae from the prehatching salinity 15%o ( Fig. 2; Table 2 ); there were, however, no significant differences for C and N content. This pattern did not change when the initial larval biomass was used as a covariate. The highest accumulated biomass from hatching to premoult zoea 4 was for larvae from the prehatching salinities 15 and 32~/oo (Fig. 2) . However, significant differences were
